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(57) Abstract 

A method of producing a thermoplastics material pipe having a wall which is drawn or stretched to achieve material orien- 
tation. The method includes the steps of continuously effecting an intial extrusion of a tube (3), temperature conditioning to a de- 
sired orientation temperature, expanding the tube by pressure within an internal pressure region (18) and cooling. In one form of 
the invention, the internal pressure region is limited at its downstream end by an expandable plug (8). In another form of the in- 
vention, the extruded tube is brought to the desired orientation temperature by cooling the outer surface of the wall to below the 
desired temperature, subsequently heating the outer surface of the tube wall and then temperature conditioning the tube wall. 
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METHOD 'OF PIPE MANUFACTURE 
BACKGROUND ART 

This invention relates to a process and apparatus which 
5 can be used to produce thermo-plastic pipes of enhanced 
characteristics, and to pipes made by that process. The 
process has particular application to the enhancement of 
burst pressure and tensile strength of uPVC pipes* 

10 It is well known that the tensile strength of 

thermoplastic materials can be enhanced by molecular 
orientation induced by stretching or drawing the 
material, usually at an elevated temperature, followed by 
cooling to lock in the orientation. The basic principles 

15 of orientation of pipes and tubes are described in the 
literature. Diedrich et al (US Patent No. 2961711) 
descibes the processing conditions appropriate generally 
to polyolefin materials and the general method for 
drawing or stretching as a continuous (on-line) or 

20 discontinuous (off-line) process. Yazawa et al (US 
Patent No. 3313870) also teaches a method primarily 
applicable to thin film tubes. 

Both of these methods employ internal hydraulic or 
25 pneumatic pressure to effect expansion of an extruded 
tube. Whilst it is claimed that the processes can be 
applied to thick-walled pipes, neither patent discloses a 
practicable mechanism for starting the process in this 
case, nor a satisf actory method of control over the 
30 external diameter of the product, as is required for 
practical pipe applications . 

A further major problem not addressed by these authors 
relates to attainment of the appropriate thermal 
35 conditions for the orientation of thick-walled tubes . We 
have found that a high degree of temperature uniformity 
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is required to achieve dimensional stability of wall 
thickness when expanding tubes , since variations in 
temperature of the material result in variations in the 
rheo logical properties, with varying visco-elastic 
response to stress around, along and/or through the wall 
of the tube. This is particularly critical for materials 
such as polyvinyl chloride (PVC) for which properties 
change markedly in the vicinity of the optimum 
temperature for orientation , that is, where the greatest 
capacity for material strain can be achieved. 

For thin-walled tubes such consistency of temperature is 
comparatively easy to achieve, but for thick-walled tubes 
the conditioning time required is so long as to render 
on-line processing impracticable, because of the length 
of the conditioning bath, unless special procedures are 
adopted. This factor is one reason that commercial 
applications to date of orientation of plastics pipe have 
mostly relied on off- line processing, where the 
conditioning time may be attained without difficulty. 

A procedure for conditioning the tube on-line using 
multiple conditioning baths heated to different 
temperatures is suggested by Petzetakis (West German 
Patent No. 2357210). However no explanation is offered 
as to the advantage of the multiple baths, and since they 
are said to be heated, there would appear to be no gain 
in terms of shortened conditioning time. His method of 
drawing the tube however relies on stretching over a 
solid mandrel attached rigidly to the extrusion 
equipment. Such an apparatus is necessarily limited in 
length because of the weight of the mandrel and hence the 
capacity for temperature conditioning of the tube is also 
limited. No positive control of external diameter of the 
expanded pipe is provided in this method, and further, it 
suffers the disadvantage that the pressurised lubricating 
fluid must be supplied to the surface of the mandrel to 
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minimise friction between the tube and mandrel, which 
fluid must escape downstream into the inside of the 
expanded pipe. 



5 It is the object of this invention to propose means and 

methods of overcoming these various problems , and provide 
a practicable process for high speed on-line orientation 
of plastics pipes • 

10 DISCLOSURE OF INVENTION 

According to this a first form of the invention, there is 
provided a method of producing a thermoplastics material 
pipe having a wall which is drawn or stretched to achieve 
15 material orientation, including the steps of 
continuously: 

effecting an initial extrusion of a tube, 

temperature conditioning the tube to a desired 
20 orientation temperature, 

effecting diametral expansion of the tube by 
pressure within an internal pressure region which is 
limited at its downstream end by a downstream internal 
plug which is capable of diametral expansion to maintain 
25 a seal against the inner surface of the wall of the 
expanded pipe, and 

cooling the pipe to set the material and fix the 
material orientation. 

30 in the context of the present invention, the term "tube" 
is used to denote the extruded material prior to and 
during the expansion and the term "pipe" is used to 
denote the tube after expansion. The method is 
particularly advantageous when the tube produced by the 

35 initial extrusion step is a medium- or thick-walled tube. 



Preferably., the expanded pipe is passed through a sizing 
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device such as a sizing sleeve or convex sizing rollers 
to limit expansion and control the external diameter of 
the pipe. The sizing device may also cool the pipe. 

5 The expandable plug is preferably expanded by hydraulic 
or pneumatic pressure, which may be due to hydraulic or 
pneumatic fluid introduced to a cavity within the plug. 
The fluid may then be allowed to enter the internal 
pressure region through one or more orifices in the plug 
10 and may further be allowed to enter temperature 

conditioning zone within the tube through one or more 
orifices in an lipstream plug which limits the upstream 
end of the internal pressure region. 

15 In one preferred embodiment of the invention, the 
expansion of the tube is effected by a pressure 
differential between the internal pressure zone and an 
external pressure region in which the pressure is 
adjustable, thereby allowing better control over the rate 

20 of expansion. 

According to a second form of the invention, there is 
provided a method of producing a thermoplastics material 
pipe having a wall which is drawn or stretched to achieve 
25 material orientation, including the steps of 
continuous ly : 

effecting an initial extrusion of a tube, 
cooling the outer surface of the tube wall to below 
30 a desired orientation temperature, 

subsequently heating the outer surface of the tube, 
temperature conditioning the tube wall to the 

desired orientation temperature, 

effecting diametral expansion of the tube by 
35 pressure within an internal pressure region, and 

cooling the pipe to set the material and fix the 

material orientation. 
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Preferably, the cooling step results in a temperature 
profile across the tube wall such that the temperature of 
the outer surface of the wall is below the desired 
orientation temperature and the temperature of the inner 
5 surface of the wall is above the desired orientation 

temperature* The temperature profile may be such that 
the temperatures across the tube wall after the cooling 
step would tend to equalise below the desired orientation 
temperature under adiabatic conditions . 

10 

The heating step preferably results in a temperature 
profile across the tube wall such that both the inner and 
outer surfaces of the wall are above the desired 
orientation temperature and at least one point within the 
15 tube wall is below the desired orientation temperature. 

The temperature profile may be such that the temperatures 
across the tube wall after the heating step tend to 
equalise at approximately the desired orientation 
temperature . 

20 - 

BRIEF DESCRIPTION OF DRAWINGS 

To assist in a further understanding of the invention, 
one form will now be described with the assistance of 
25 drawings for which: 

FIG 1 is in the most schematic way an illustration of an 
apparatus shown in elevation, to effect manufacture in 
accordance with the invention, but is not intended to 
30 disclose in great detail the technical workings of the 
invention except in general principle; 

FIG 2 shows detail A of FIG 1; 



FIG 3 shows detail B of FIG 1; 
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FIG 4 shows detail C of FIG 1; 

FIGS 5(a), 5(b) and 5(c) illustrate the temperature 
profiles across the tube wall; and 

FIG 6 illustrates an alternative means for controlling 
the external diameter of the pipe. 

An extruder of standard commercially available type, 
preferably fitted with an offset or cross head 1, 
extrudes a thick-walled "feedstock" tube 3 via a standand 
circular pipe die with a hollow center pin. The tube 3 
passes into a cooling bath 2, containing circulating 
fluid which is held at a temperature well below the 
desired orientation temperature. At the entrance to bath 
2 is a standard sizing sleeve 4 to which the feedstock 
tube 3 is held by maintaining vacuum in the cooling bath 
2, or by applying air pressure internally via the hollow 
extruder head and die pin. The tube 3 then passes from 
the cooling bath through a tractor 17 , which pulls it 
from the bath 2 and the extrusion die, moving at 
regulated speed to control the wall thickness of the 
tube. 

The tube 3 then passes into a heating bath 5, in which 
the circulating fluid temperature is maintained above the 
orientation temperature , then enters the finishing bath 
6, in which the circulating fluid temperature is 
maintained substantially at the desired orientation 
temperature. It continues to move through the finishing 
bath 6 until the temperature profile across the wall of 
the tube has evened out to within the desired tolerances 
of the orientation temperature. In an unillustrated 
embodiment, the tube may be passed through additional 
baths at temperatures below and above the orientation 
temperature . 
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Internal plug 7 has a fixed external diameter 
substantially equal to the internal diameter of the 
feedstock tube. A second plug 8 is fitted at an 
appropriate point further downstream, to provide a 
5 pressurised expansion chamber 18 in conjunction with plug 
7 . Plugs 7 and 8 are shown in more detail in Figs . 3 
and 4 respectively. 

Expanding plug 8 effectively enables the process to be 
10 started. Plug 8 is capable of diametral expansion, being 
constructed, in this example, partly or wholly of 
elastomeric material, and is expanded under applied 
internal pressure to contact and seal against the 
internal surface of the wall of the pipe. It has an 
15 initial and minimum diameter approximately equal to the 
internal diameter of the feedstock, and a maximum 
expanded diameter equal to the internal diameter of the 
expanded pipe* One form of construction is of low 
friction elastomeric material, supported by end plates. 

20 

Plugs 7 and 8 are affixed to and restrained in position 
by metal conduit 9, which passes along the full length of 
the feedstock tube and through and beyond the extruder 
head, and through which pressurised fluid at a 

25 temperature substantially equal to orientation 

temperature is introduced to the interior of plug 8 . The 
fluid flows back through control orifices 10 into the 
expansion chamber 18 to provide internal pressure 
required to expand the feedstock tube, and thence through 

30 control orifices 11 into internal temperature 

conditioning zone 12. As shown in Fig 2, conduit 14, 
concentric with conduit 9 allows removal of backflow 
fluid without backpressure, or with slight backpressure 
if required to maintain shape support of the feedstock 

35 tube. Scavenge seals 13 affixed to conduit 14 seal 

against the internal surface of the feedstock tube 3 to 
contain the backflow fluid within conditioning zone 12. 
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Flow of fluid through the orifices 10 causes a drop in 
pressure in the backflow fluid, such that the pressure in 
the expansion chamber 18 is maintained at a level 
somewhat below that in plug 8, the differential being 
5 just sufficient to ensure effective sealing action of 

plug 8. Flow through orifices 11 again causes a pressure 
drop, and the differential is sufficient to maintain the 
pressure in the expansion chamber 18 at the level 
required to bring about expansion of the tube at the 
10 desired rate* 

In a further embodiment, the expandable plug may be 
independently pressurised by a hydraulic tube introduced 
within the delivery pipe 9 • In this case fluid for 
15 expansion and temperature control is delivered directly 
to the expansion chamber 18 via conduit 9 . 

Alternative constructions for plug 8 are possible, for 
example with expansion produced by mechanical means. 

20 

Throughout the expansion, the tube is immersed in 
the expansion bath 19, in which fluid is circulated also 
at orientation temperature* Bath 19 may be a 
continuation of conditioning bath 6 , or separated as 

25 shown in the schematic. The latter arrangement enables 
the expansion bath 19 to be pressurised at some lower 
pressure than that within the expansion chamber 18, or 
subjected to vacuum, which pressure or vacuum may be 
independantly adjusted to improve control over the rate 

30 of expansion. 

Sizing sleeve 15 contains and limits the expansion of the 
tube and extends from the expansion bath 19 into the 
cooling bath 16, in which coolant at ambient temperature 
35 is circulated. In preference sleeve 15 is a vacuum 

sizing sleeve, of the standard design and operation used 
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in general extrusion practice, whereby cooling water is 
drawn in over the surface of the pipe to better cool and 
lubricate its passage through the sleeve. The plug 8 is 
positioned downstream of the start of the cooling bath a 
5 distance sufficient to maintain internal pressure within 
the pipe until the outer surface of the pipe has cooled 
and hardenned enough for the pipe to be self supporting. 
The finished pipe is supported and drawn forward by a 
tractor (not shown), the speed of which is adjusted to 
10 provide tension to the pipe and feedstock tube, and to 

control the degree of draw or stretch in the axial 
direction induced during the forming process . 

The temperature and flow rate of the incoming fluid via 
15 conduit 9 are adjusted to maintain the temperature in the 

expansion zone, monitored by remote sensors (not shown), 
sensibly at the desired orientation temperature. 
Orifices 10 and 11 are set to a size required to produced 
the required pressure drops at this flow rate. Such 
20 temperature, flow rate, pressures and dimensions may 

readily be predicted using known mathematical modelling 
techniques, given the thermal and rheological 
characteristics over the relevant temperature range of 
the thermoplastic material as established for example 
25 from laboratory measurement. 

Scavenge seals 13 may be positioned anywhere along the 
feedstock tube, but preferably at the start of 
conditioning bath 5 . 

30 

The temperatures, conditioning fluids, and conditions of 
operation can vary considerably depending on the material 
subject to orientation. Where the desired temperatures 
are outside of the range obtainable by using water as the 
35 heat transfer medium, other liquids or solutions such as 

ethylene glycol in water may be appropriate. For 
example, the cooling bath 2 can be refrigerated, and in 
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one embodiment may use liquid nitrogen as a heat sink. 
The heating bath 5 can be sealed to allow high pressures 
(necessarily compensated by higher backpressure in the 
internal conditioning zone 12) and thus elevated 
5 temperatures . 

Temperature profiles across the wall of the tube are 
. illustrated in Figs 5(a), 5(b) and 5(c). The desired 
orientation temperature is denoted by reference numeral 

10 20 and the upper and lower tolerances are denoted by 
numerals 21 and 22 respectively. Fig 5(a) show the 
profile at the end of bath 2, with heat extracted 
vigorously from the outer surface of the tube. The high 
rate of heat transfer causes a substantial temperature 

15 gradient across the wall. Fig 5(b) shows the profile at 
the end of batji 5, following external heating by bath 5 
and internal cooling by zone 12. Fig 5(c) shows the 
profile at the end of finishing bath 6, with the 
temperature profile being within the required tolerances. 

20 

The total heat extracted via bath 2 and zone 12 is in 
excess of that required to bring the temperature of the 
tube to the target temperature, and this excess is 
balanced by the surplus heat supplied via bath 5 . The 
25 lengths of baths and temperatures required to achieve the 
desired balance can readily be estimated, given the 
thermal characteristics of the material, heat transfer 
fluids, and line speeds. 

30 In a further embodiment illustrated in Fig 6, the sizing 
sleeve 15 is replaced by a set of sizing rollers 23. As 
shown in Fig 6, the rollers are concave in shape to match 
the required pipe external diameter, and overlapping in 
position to provide adequate and uniform support to the 

35 pipe. Advantages of this system are the reduction of 
friction, which is desirable where it is preferred to 
minimise the degree of axial draw, and also more rapid 
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Claims 

1. A method of producing a thermoplastics material 
pipe having a wall which is drawn or stretched to achieve 
material orientation, including the steps of continuously; 

effecting an initial extrusion of a tube, 
temperature conditioning the tube to a desired 
orientation temperature, 

effecting diametral expansion of the tube by 
pressure within an internal pressure region which is 
limited at its downstream end by a downstream internal 
plug which is capable of diametral expansion to maintain 
a seal against the inner surface of the wall of the 
expanded pipe, and 

cooling the pipe to set the material and fix the 
material orientation. 

2 . A method according to claim 1 wherein the tube 
produced by the initial extrusion step is a medium- or 
thick-walled tube* 

3. A method according to claim 1 wherein the expanded 
pipe is passed through a sizing device to limit expansion 
and directly control the external diameter of the 
expanded pipe. 

4. A method according to claim 3 wherein the sizing 
device also effects the cooling of the pipe, 

5. A method according to. claim 3 wherein the sizing 
device comprises a sizing sleeve. 

6. A method according to claim 3 where the sizing 
device comprises a set of concave sizing rollers. 

7. A method according to claim 1 wherein the expandable 
plug may be expanded by hydraulic or pneumatic pressure. 

8. A method according to claim 7 wherein hydraulic or 
pneumatic fluid is introduced to an internal cavity in 
the expandable plug. 

9 . A method according to claim 8 wherein the hydraulic 
or pneumatic fluid is allowed to enter the internal 
pressure region through one or more orifices in the 
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expandable plug. 

10. A method, according to claim 9 wherein the internal 
pressure region is limited at its upstream end by an 
upstream internal plug. 

11. A method according to claim 10 wherein the hydraulic 
or pneumatic fluid passes through one or more orifices in 
the upstream plug into a temperature conditioning zone 
within the tube . 

12 . A method according to claim 1 wherein the diametral 
expansion of the tube is effected by a pressure 
differential between the internal pressure region and an 
external pressure region , the pressure in the external 
pressure region being adjustable. 

13. A method of producing a thermoplastics material pipe 
having a wall which is drawn or stretched to achieve 
material orientation , including the steps of 
continuously: 

effecting an initial extrusion of a tube, 
cooling the outer surface of the tube wall to below 
a desired orientation temperature, 

subsequently heating the outer surface of the tube 

wall, 

temperature conditioning the tube wall to the 
desired orientation temperature, 

effecting diametral expansion of the tube by 
pressure within aii internal pressure region, and 

cooling the pipe to set the material and fix the 
material orientation. < 

14. A method according to claim 13 wherein the cooling 
step results in a temperature profile across the tube 
wall such that the temperature of the outer surface of 
the wall is below the desired orientation temperature and 
the temperature of the inner surface of the wall is above 
the desired orientation temperature. 

15. A method according to claim 14 wherein the heating 
step results in a temperature profile across the tube 
wall such that both the inner and outer surfaces of the 
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wall are above the desired orientation temperature and at 
least one point within the tube wall is below the desired 
orientation temperature . 

16 . A method according to claim 14 wherein the 
temperatures across the tube wall after the cooling step 
would tend to equalise below the desired orientation 
temperature under adiabatic conditions . 

17. A method according to claim 15 wherein the 
temperatures across the tube wall after the heating step 
tend to equalise at approximately the desired 
orientation temperature . 

18. A thermoplastics material pipe produced by the 
method of claim 1. 

19 . A thermoplastics material pipe produced by the 
method of claim 13. 
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